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Objective: Although childhood-onset
schizophrenia is rare, children with brief
psychotic symptoms and prominent emo-
tional disturbances commonly present
diagnostic and treatment problems.
Quantitative anatomic brain magnetic
resonance images (MRIs) of a subgroup of
children with psychotic disorder not oth-
erwise specified were compared with
those of children with childhood-onset
schizophrenia and healthy comparison
subjects.

Method: Anatomic MRIs were obtained
for 71 patients (44 with childhood-onset
schizophrenia and 27 with psychotic dis-
order not otherwise specified) and 106
healthy volunteers. Most patients had
been treated with neuroleptics. Volumet-
ric measurements for the cerebrum, ante-
rior frontal region, lateral ventricles, cor-
pus callosum, caudate, putamen, globus
pallidus, and midsagittal thalamic area
were obtained.

Results: Patients had a smaller total ce-
rebral volume than healthy comparison
subjects. Analysis of covariance for total
cerebral volume and age found that lat-
eral ventricles were larger in both patient
groups than in healthy comparison sub-
jects and that schizophrenia patients had
a smaller midsagittal thalamic area than
both subjects with psychotic disorder not
otherwise specified and healthy compari-
son subjects.

Conclusions: Pediatric patients with psy-
chotic disorder not otherwise specified
showed a pattern of brain volumes simi-
lar to those found in childhood-onset
schizophrenia. Neither group showed a
decrease in volumes of temporal lobe
structures. Prospective longitudinal mag-
netic resonance imaging and clinical fol-
low-up studies of both groups are cur-
rently underway to further validate the
distinction between these two disorders.

(Am J Psychiatry 2000; 157:1467–1474)

Across the branches of medicine, the study of individ-
uals with the early onset of a multifactorial disease has
been an important approach in decreasing the heteroge-
neity of study groups (1). Since 1990, a study of refractory
childhood-onset schizophrenia (onset of psychotic symp-
toms by age 12) has been ongoing at the National Institute
of Mental Health (NIMH) (2). Neurobiological studies sug-
gest that childhood-onset schizophrenia is on a contin-
uum with later-onset schizophrenia (3). The fact that
childhood-onset schizophrenia is rare (4) and may be as-
sociated with higher rates of familial schizophrenia spec-
trum disorders (3) has led to the speculation that this form
of the disorder may represent a particularly severe variant
with a stronger genetic predisposition.

A sizable group of pediatric patients referred to the
NIMH childhood-onset schizophrenia study who did not
meet the DSM-III-R criteria for schizophrenia experi-
enced brief hallucinations and delusions, typically under
stress, that occurred a few times a month but revealed no
evidence of thought disorder (5). Although these patients’
psychotic symptoms were ego-dystonic to patients and
impaired patients’ functioning, these intermittent prob-

lems were less the focus of concern than were their dra-
matic mood outbursts and periodic aggression, which ne-
cessitated frequent psychiatric hospitalizations. The
children in this cohort lacked the striking and pervasive
disturbances in cognition, defective emotional rapport,
bizarre hallucinations, and delusions that characterized
the patients with childhood-onset schizophrenia. Al-
though the distorted reality and affective lability of this
group initially suggested borderline or schizotypal per-
sonality disorder, none of the children diagnosed with
psychotic disorder not otherwise specified (DSM-IV, sec-
tion 298.9) met the criteria for these disorders.

Children with atypical or subclinical presentations of
schizophrenia are well recognized but have been difficult
to classify (6–8). Because of the clinical heterogeneity of
this group, a subgroup from the larger population of chil-
dren with nonschizophrenic nonaffective psychoses, pro-
visionally labeled “multidimensionally impaired” (9), has
been studied at NIMH since 1990 (5). The rate of schizo-
phrenia spectrum disorders in first-degree relatives ap-
pears elevated in this subgroup with psychotic disorder not
otherwise specified, which is similar to what has been ob-
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served in childhood-onset schizophrenia (9). In addition to
family history, this subgroup with psychotic disorder not
otherwise specified shares a pattern of premorbid charac-
teristics, cytogenetic abnormalities, and neuropsychologi-
cal test impairments similar to those found in childhood-
onset schizophrenia (9, 10). In the absence of diagnosis-
specific biological markers for schizophrenia, the exact
boundaries of childhood-onset schizophrenia remain un-
clear; the possibility exists that at least some of these cases
of psychotic disorder not otherwise specified represent a
phenotypic variant of childhood-onset schizophrenia.

To date, there have been no biological studies of chil-
dren with atypical psychosis, in part because of the heter-
ogeneity of this residual group. Evaluation of the brain
structure in children with psychotic disorder not other-
wise specified may offer insight into an endophenotype
common to both that impairment and childhood-onset
schizophrenia, whereas differences between the groups
might implicate brain structures that contribute to the de-
velopment of childhood-onset schizophrenia. Also, the as-
certainment of a systematically defined group of children
with psychotic disorder not otherwise specified may allow
for more ambitious genetic studies examining the pheno-
typic features of childhood-onset psychotic disorders as-
sociated with the greatest familiality and heritability.

The present study examined the anatomic brain mag-
netic resonance imaging (MRI) characteristics of the first
27 children and adolescents with psychotic disorder not
otherwise specified in the NIMH study to determine if their
symptoms resembled those of a group of 44 patients with
childhood-onset schizophrenia. Previous neuroimaging
studies have indicated a possible decrease in total cerebral
volume, a decrease in midsagittal thalamic area and cere-
bellar volumes, a larger total corpus callosum area, and sig-
nificantly enlarged lateral ventricular volumes in patients
with childhood-onset schizophrenia (11) that were similar
to volumes noted in both adolescent- (12) and adult-onset
schizophrenia (13). No significant diagnostic differences in
temporal lobe or medial temporal lobe volumes were
found on initial scans (3, 14), although at the 2- to 4-year
follow-up a decrement was present in hippocampal vol-
umes in patients with childhood-onset schizophrenia in
relation to those of healthy comparison subjects (15).

On the basis of similarities in premorbid history, an ele-
vated risk for schizophrenic spectrum disorders in first-
degree relatives, cytogenetic abnormalities, and neuro-
psychological test impairments in patients with child-
hood-onset schizophrenia and patients with psychotic
disorder not otherwise specified (9, 10), it was hypothe-
sized that the group with psychotic disorder not otherwise
specified would have a pattern of anatomic brain MRI ab-
normalities resembling those found in patients with child-
hood-onset schizophrenia.

Method

Subjects

Recruitment and diagnostic procedures have been described
in detail elsewhere (9). In brief, girls and boys aged 6–18 who had
been diagnosed with the DSM-III-R or DSM-IV criteria for schizo-
phrenia were sought by means of national recruitment via profes-
sional and patient advocacy groups for an inpatient study involv-
ing treatment trials of atypical and typical neuroleptics. Inclusion
criteria were 1) at least two previous unsuccessful neuroleptic tri-
als because of either intolerable side effects or nonresponse, 2) an
onset of psychotic symptoms by age 12 years, 3) a premorbid IQ
greater than 70, and 4) the absence of significant medical or neu-
rological disorders.

Of 950 referrals, more than 600 charts were reviewed, and 200
patients and their families were screened in person. Admission to
the study followed a detailed screening, including a review of old
medical charts and clinical and structured interviews with par-
ents and child.

Patients With Psychotic Disorder 
Not Otherwise Specified

Thirty-two of the children exhibiting psychotic symptoms who
did not meet the DSM-III-R criteria for schizophrenia were classi-
fied as having psychotic disorder not otherwise specified and
given the provisional diagnostic label of “multidimensionally im-
paired disorder” by means of the following empirically derived
criteria (5):

1. Poor ability to distinguish fantasy from reality as shown by
ideas of reference and regular but brief perceptual disturbances
during stress or while falling asleep.

2. Near-daily periods of emotional lability disproportionate to
their precipitants.

3. Impaired interpersonal skills despite a desire to initiate so-
cial interactions with peers.

4. Multiple developmental cognitive deficits.
5. Absence of thought disorder.
On the basis of 71 consecutive in-person screening interviews

of children referred to the NIMH study of childhood-onset
schizophrenia, the interrater reliability for the subgroup with psy-
chotic disorder not otherwise specified with the use of the five cri-
teria was good (kappa=0.81) (5) and allowed the psychiatrists to
distinguish this subgroup from children with overlapping clinical
presentations such as bipolar disorder, attention deficit hyperac-
tivity disorder (ADHD), and milder forms of autism.

Five children with psychotic disorder not otherwise specified
did not participate for clinical reasons such as loss of residential
placement or parental reluctance. Thus, MRI scans were obtained
for 27 subjects with psychotic disorder not otherwise specified
(23 boys and four girls). The adoption records of three (11%) of the
27 patients suggested that a biological parent had a diagnosis of
schizophrenia, and eight (30%) of the patients had a first-degree
relative with a diagnosis of schizotypal personality disorder on
the basis of in-person structured diagnostic interviews per-
formed at NIMH.

Socioeconomic status was generally middle class on the Holl-
ingshead-Redlich Scale (mean=2.85, SD=1.06) (range=1 [high] to
5 [low]) (16). Parents were well educated. Nine (60%) of 15 fathers
and 16 (70%) of 23 mothers available for in-person interview had
at least partial college training. The mean full-scale IQ obtained at
NIMH for the patients was 83.3 (SD=13.0). The mean standard
score for the reading decoding subtest of the Kaufman Test of Ed-
ucational Achievement (5, 17) obtained at NIMH for the 21 pa-
tients who were testable was 94.0 (SD=18.4). At the time of scan-
ning, nine patients (33%) were receiving atypical neuroleptics,
and 13 (48%) were receiving conventional neuroleptics.
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The demographic and clinical characteristics of 44 patients
with childhood-onset schizophrenia are summarized in Table 1
and have been described in greater detail elsewhere (15).

Healthy Comparison Subjects

Healthy comparison subjects were selected from an ongoing
study of brain development in healthy children and adolescents
(18). Any physical or neurological disorder, lifetime history of any
psychiatric disorder, or history of major psychiatric disorder in
first-degree relatives was exclusionary. For this carefully screened
group, approximately only one of six initial contacts was accepted
for study inclusion. For this comparison, 42 healthy subjects were
chosen for comparison to the group with psychotic disorder not
otherwise specified, and 64 healthy subjects were chosen for
comparison to the group with childhood-onset schizophrenia on
the basis of age, sex, height, and handedness. The demographic
and clinical characteristics of patients and healthy comparison
subjects are summarized in Table 1.

The study was explained to the subjects and their parents.
Written assent was obtained from each child, and written in-
formed consent was obtained from the parents. The study proto-
col was approved by the institutional review board at NIMH.

MRI Procedures

MRI acquisition protocols, image analysis methods, and ana-
tomical definitions for the measured brain regions are detailed
elsewhere (11, 14, 18). In summary, subjects were scanned on a
1.5-T Signa scanner (General Electric, Milwaukee) located at the
National Institutes of Health (NIH) Clinical Center in Bethesda,
Md. A three-dimensional spoiled gradient recalled echo imaging
sequence in the steady state (TE=5 msec, TR=24 msec, flip angle=
45°, acquisition matrix=192 × 256, number of excitations=1, field
of view=24 cm) was used to obtain T1-weighted images. Two vol-
umetric series with 1.5-mm thick axial and 2.0-mm thick coronal
slices were acquired. The axial slice was used to quantify total ce-

rebral volume and was reformatted for the midsagittal thalamic
and corpus callosum measures. The coronal series was used for
all other quantifications so as to sample the long axis of the struc-
ture or region. Head position was standardized by use of vitamin
E capsules as external markers (one in the meatus of each ear and
one taped to the left inferior orbital ridge, ensuring that all three
were visible in the same axial reference plane). Rotation in the
other plane was controlled by alignment of the nose to the 12:00
position. Head movement was minimized by placing foam pad-
ding on the sides of the subjects’ heads. Scans were performed in
the evening to promote falling asleep in the scanner.

Image Analysis

The images were transferred to computer workstations, where
they were analyzed by means of a variety of computer platforms
and software packages, details of which have been presented
elsewhere (18). Images were analyzed with raters blind to subject
characteristics. Because motion artifacts caused differences in
scan quality, not all structures were quantifiable for all subjects.

Total cerebral volume was quantified by means of a program
that incorporates a priori knowledge of brain anatomy by mod-
eling the brain as an active surface template, which then con-
forms to the individual brain through a series of energy minimi-
zation functions (19). Each axial slice of the output of this
program was then edited by raters who removed artifacts related
to eyeballs or patches of dura. The total cerebral volume mea-
surement included ventricular CSF but excluded cerebellar and
extracerebral CSF.

“Anterior frontal” was defined as brain matter anterior to a
coronal plane intersecting the most anterior point of the corpus
callosum. The orientation of the plane was standardized to be
perpendicular to a line connecting the midline anterior and pos-
terior commissures. Lateral ventricular volumes were calculated
by summing area measurements from all coronal planes on

TABLE 1. Demographic and Clinical Characteristics of Pediatric Patients With Childhood-Onset Schizophrenia or Psychotic
Disorder Not Otherwise Specified and Healthy Comparison Subjects

Characteristic

Childhood-Onset Schizophrenia
Psychotic Disorder

Not Otherwise Specified

Analysis
Patients
(N=44)

Matched Comparison 
Subjects (N=64)

Patients
(N=27)

Matched Comparison 
Subjects (N=42)

Mean SD Mean SD Mean SD Mean SD F (df=3, 173) p

Age (years) 14.4 2.3 13.7 2.2 12.3 2.9 11.7 3.3 9.43 0.0001a

Height (cm) 63.4 4.9 63.5 4.9 60.6 7.6 58.5 7.6 6.75 0.0003a

Weight (lb) 130.6 36.8 116.7 29.9 133.2 59.3 94.3 32.8 8.18 0.0001b

Scores on subtests of WISC-III, 
WISC-R, and WAIS
Vocabulary 6.4 3.5 12.8 3.0 8.4 2.9 12.6 2.7 29.38 0.0001c

Block Design 7.0 3.5 12.9 3.6 8.5 3.3 12.7 3.2 20.75 0.0001c

N N N N χ2 (df=6) p

Race 14.5 0.02a

Black 12 9 2 4
White 25 51 24 37
Other 7 4 1 1

N N N N χ2 (df=3) p

Sex 11.5 0.009a

Male 25 38 22 35
Female 19 26 5 7

a There were no significant differences between the patient groups and their respective comparison groups.
b Patient groups weighed significantly more (p<0.05, Duncan’s post hoc test) than their respective comparison groups.
c Patient groups performed significantly worse (p<0.05, Duncan’s post hoc test) on the vocabulary and block design subtests than their respec-

tive comparison groups.
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which ventricles were visible by using an operator-supervised
thresholding technique available on NIH’s Image 1.6 (20).

The caudate, putamen, globus pallidus, amygdala, hippocam-
pus, and temporal lobes were manually outlined from coronal
slices by means of Image 1.6 on a computer workstation. The cau-
date measure did not include the tail or the nucleus accumbens.
The temporal stem was demarcated by a line connecting the most
inferior point of the insular cisterns to the most lateral point of
the basal cisterns above the hippocampus. The most posterior
slice containing the splenium of the corpus callosum demarcated
the posterior extent of the temporal lobes. The superior temporal
gyrus was identified by its gyral boundary and traced throughout
its extent. The most posterior slice containing fibers of the fornix
was designated as the posterior boundary of this structure. The
thalamus and corpus callosum area was quantified from a single
midsagittal slice reconstructed from the axial series.

Anterior and posterior segments of the superior temporal gy-
rus were also identified, with the anterior segment ending at the
most posterior slice before the appearance of the mamillary bod-
ies. The slice was also designated as the posterior extent of the
amygdala, while the first slice containing the mamillary bodies
marked the anterior boundary of the hippocampus. The most
posterior slice containing fibers of the fornix demarcated the pos-
terior boundary of the hippocampus.

Ten brains were measured by two raters, revealing the follow-
ing interrater reliabilities (intraclass correlation coefficient) for
each structure: total cerebral volume=0.99, anterior frontal=0.97,
caudate=0.88, putamen=0.84, globus pallidus=0.81, amygdala=
0.86, hippocampus=0.87, temporal lobes=0.98, lateral ventricles=
0.99, thalamus=0.85, and corpus callosum=0.92.

Data Analysis

Analyses were performed by means of SAS software (21). To ex-
amine overall group differences between patients and compari-
son subjects, all analyses of covariance (ANCOVAs) were used
with all four groups (patients with childhood-onset schizophre-
nia, their matched healthy comparison subjects, patients with
psychotic disorder not otherwise specified, and their matched
healthy comparison subjects). Differences between patients and
their respective healthy comparison subjects were determined
with post hoc tests.

Because the patients had significantly smaller total cerebral
volumes and because of the differences in age between the pa-
tient groups, ANCOVAs controlling for age and cerebral volume
were used in one-way or two-way (group and side) repeated mea-
sures analysis with Duncan’s post hoc test. Comparisons were
made on all demographic variables (sex, age, height, weight,
handedness, and cognitive measures), as well as on the absolute
measures of the brain regions of interest. All tests were two-tailed.

The power of this study to find a large effect size between pa-
tients and healthy comparison subjects was greater than 90%.
The power to find a moderate effect size (0.4) between patients
and healthy comparison subjects was approximately 65%.

Pearson’s product-moment correlations tested relationships
between 1) patient MRI measures with values significantly differ-
ent from those of comparison subjects and 2) clinical measures,
including age, age at onset of psychotic symptoms, lifetime chlor-
promazine-equivalent doses, full-scale IQ, premorbid impair-
ments, obstetrical complications (22), and clinical ratings of psy-
chiatric symptoms from the Scale for the Assessment of Negative
Symptoms (SANS) (23) and the Scale for the Assessment of Posi-
tive Symptoms (SAPS) (24). Antipsychotic doses at the time of ad-
mission and total lifetime antipsychotic exposure (summed
doses by length of treatment) were obtained by means of chart re-
view and converted to lifetime chlorpromazine-equivalent doses
for correlational analyses.

Results

Demographic and Clinical Characteristics

As shown in Table 1, an overall group difference was
found between patients and their respective healthy com-
parison subjects on the WISC-III, WISC-R, and WAIS vo-
cabulary and block design subtest scores and on subject
weight. Post hoc testing indicated that patients performed
significantly worse (p<0.05, Duncan’s post hoc test) on the
vocabulary and block design subtests and weighed more
(p<0.05, Duncan’s post hoc test) than their respective
healthy comparison subjects. There were no overall group
differences in age, height, and sex between the patients
and their respective comparison groups.

Regional Brain Volumes

The patients had a generalized reduction in brain tissue,
as shown by a total cerebral volume that was 4.2% smaller in
patients with childhood-onset schizophrenia and 5.5%
smaller in patients with psychotic disorder not otherwise
specified than in their respective healthy comparison
groups (Table 2). The remaining MRI brain volumes were
analyzed with an ANCOVA for the entire study group by us-
ing total cerebral volume and age as covariates. There were
significant main diagnostic effects for the lateral ventricle’s
caudate, putamen, globus pallidus, and midsagittal tha-
lamic area. Both lateral ventricular and basal ganglia vol-
umes were increased in both groups of patients; however,
the midsagittal thalamic area was only decreased in patients
with childhood-onset schizophrenia compared to their re-
spective healthy comparison subjects. There were no diag-
nostic differences for either group for the corpus callosum,
anterior frontal, temporal lobe, hippocampus, superior
temporal gyrus, and amygdala volumes. Mean unadjusted
volumes of brain regions of interest are displayed in Table 2,
along with the same measures adjusted for total cerebral
volume and age. Table 3 shows the F and p values resulting
from the analyses of variance (ANOVAs) and ANCOVAs.

Effects of Laterality

As shown in Table 3, no significant effects of laterality
were noted for temporal lobe or medial-temporal lobe
structures between patients and healthy comparison sub-
jects. Significant interactions of side and diagnosis were
demonstrated for the lateral ventricle’s caudate, putamen,
and globus pallidus.

Although in healthy comparison subjects these struc-
tures were symmetric, post hoc testing found that there
were significant asymmetries (p<0.05, Duncan’s post hoc
test) for the lateral ventricles (left greater than right), puta-
men (left greater than right), caudate (right greater than
left), and globus pallidus (right greater than left) in the two
groups of patients.

Correlational Analyses

Clinical correlates were evaluated for all MRI volume
measures that differed significantly from comparison val-



Am J Psychiatry 157:9, September 2000 1471

KUMRA, GIEDD, VAITUZIS, ET AL.

ues. No significant relationships were observed between
IQ, age, age at onset of psychotic symptoms, premorbid
adjustment, clinical ratings of psychotic symptoms from
the SANS and SAPS, maternal obstetrical complications,
lifetime chlorpromazine-equivalent doses, and lateral
ventricular volumes or total cerebral volumes for either of
the patient groups. Also, there were no significant correla-
tions between lifetime chlorpromazine-equivalent doses
and volumes of the globus pallidus or putamen.

Discussion

To our knowledge, this report represents the largest
morphometric analysis of a systematically defined sub-
group of children with narrowly defined childhood-onset
schizophrenia and atypical psychosis. The major findings
are that both the patients with childhood-onset schizo-
phrenia and psychotic disorder not otherwise specified
had significantly smaller total cerebral volumes and larger
lateral ventricles than healthy comparison subjects.

The main purpose of this study was to investigate the
pattern of structural brain MRI volumetric measures in a
subgroup of children with psychotic disorder not other-
wise specified who were labeled “multidimensionally im-
paired” and in children with schizophrenia. Children with
psychotic disorder not otherwise specified share some
phenomenological similarities to children with child-
hood-onset schizophrenia and appear to be at least as nu-
merous as true patients with schizophrenia (25). They may
be of importance for future biological and genetic studies
of early-onset psychosis.

The subgroup with psychotic disorder not otherwise
specified had a subtle reduction in total cerebral volume and
an enlargement of the lateral ventricles that were similar to
those volumes in patients with childhood-onset schizophre-
nia (3, 11) and patients with later-onset schizophrenia (26).
It should be noted that although the majority of the patients
with psychotic disorder not otherwise specified had comor-
bid ADHD and low average intellectual ability, lateral ven-
tricular enlargement was not found in male patients with

TABLE 2. Unadjusted Brain Volumes and Brain Volumes Adjusted for Total Cerebral Volume and Age for Pediatric Patients
With Childhood-Onset Schizophrenia or Psychotic Disorder Not Otherwise Specified and Healthy Comparison Subjects

Region of the Brain

Unadjusted Volume
Least Squares Mean Volume Adjusted for Total 

Cerebral Volume and Age

Childhood-Onset
Schizophrenia

Psychotic Disorder
Not Otherwise Specified

Childhood-Onset 
Schizophrenia

Psychotic Disorder Not 
Otherwise Specified

Patients
(N=44)

Matched
Comparison 

Subjects
(N=64)

Patients 
(N=27)

Matched
Comparison 

Subjects
(N=42) Patients 

(N=44)

Matched 
Comparison

Subjects 
(N=64)

Patients 
(N=27)

Matched 
Comparison 

Subjects
(N=42)Mean SD Mean SD Mean SD Mean SD

Cerebrum (left plus right) 
(ml) 1091.7 124.3 1139.8 128.9 1107.9 141.8 1172.3 93.1 1088.6 1136.4 1103.9 1185.4

Ventricles (ml)
Right 7.9 3.3 5.3 3.0 7.4 3.3 5.7 3.6 6.8 5.0 7.7 6.2
Left 9.3 4.4 5.7 2.9 8.6 5.1 5.8 3.8 7.9 5.4 8.9 6.2

Anterior frontal (ml)
Right 71.4 12.1 79.5 12.4 72.5 12.6 88.6 42.1 76.6 79.2 73.1 83.2
Left 70.5 10.6 75.9 11.5 70.8 11.5 85.6 41.4 73.6 75.5 72.3 80.6

Caudate (ml)
Right 5.1 0.7 5.1 0.6 5.2 0.5 4.9 0.5 5.2 5.0 5.2 4.8
Left 5.1 0.5 4.9 0.5 5.2 0.5 4.9 0.6 5.2 4.9 5.2 4.9

Globus pallidus (ml)
Right 1.3 0.3 1.3 0.2 1.6 0.2 1.4 0.2 1.4 1.3 1.6 1.3
Left 1.3 0.2 1.3 0.2 1.5 0.2 1.4 0.2 1.3 1.3 1.5 1.3

Putamen (ml)
Right 5.8 1.0 5.4 0.6 5.6 0.8 5.3 0.5 5.8 5.3 5.7 5.2
Left 5.8 0.9 5.3 0.6 5.9 0.7 5.3 0.5 5.7 5.3 5.9 5.3

Corpus callosum (mm2) 630.7 93.8 623.8 84.8 620.2 109.5 620.4 67.6 637.6 616.1 639.7 633.5
Temporal lobes (ml)

Right 89.4 14.7 89.9 11.8 90.4 13.9 93.5 10.5 93.1 89.1 93.7 91.1
Left 83.9 10.3 86.1 11.5 86.2 12.9 87.7 9.5 86.4 85.3 87.9 86.2

Amygdala (ml)
Right 2.6 0.8 2.6 0.5 2.6 0.7 2.5 0.5 2.7 2.6 2.8 2.4
Left 2.2 0.7 2.4 0.5 2.2 0.5 2.2 0.5 2.2 2.3 2.3 2.2

Hippocampus (ml)
Right 4.4 0.7 4.6 0.5 4.6 0.7 4.6 0.6 4.4 4.6 4.6 4.6
Left 4.5 0.7 4.5 0.5 4.4 0.7 4.6 0.5 4.5 4.4 4.5 4.6

Superior temporal gyrus 
(ml)
Right 26.5 4.2 25.9 3.1 25.9 4.5 26.0 5.0 27.0 25.8 26.7 25.4
Left 24.5 3.1 24.6 2.9 24.6 4.1 23.7 4.8 24.8 24.5 24.9 23.2

Midsagittal thalamic area 
(mm2) 116.7 30.7 149.6 38.5 144.9 37.8 146.0 32.8 123.2 150.9 143.7 141.8
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ADHD (27, 28) or mild mental retardation (29). Our findings
suggest that the group with psychotic disorder not other-
wise specified is similar to the group with childhood-onset
schizophrenia with respect to brain morphology.

As reviewed by McCarley et al. (13), a significant propor-
tion (75%) of MRI studies report volume differences in
medial-temporal lobe structures in adult patients with
schizophrenia, specifically reductions in the anterior por-
tion of the amygdala-hippocampal complex, most notably
on the left. Although we did not find volume reductions in
the medial-temporal lobes in this subgroup of patients
with psychotic disorder not otherwise specified, our pa-
tients with childhood-onset schizophrenia also showed
no significant diagnostic differences in volume of the me-
dial-temporal lobes at initial presentation. Similar find-
ings have been reported for other patients with early-on-
set schizophrenia (30). Of interest, data for patients with
childhood-onset schizophrenia suggest that structural
brain abnormalities of the medial-temporal lobe may de-
velop in adolescence (15).

Evidence of thalamic abnormalities in patients with
childhood-onset schizophrenia (11) and patients with
adult schizophrenia from neuroimaging and neuropatho-
logical studies have been well described (31–33). The thal-
amus serves as a major way station that appears to modu-
late input from a wide variety of brain regions and may be
involved in filtering, gating, processing, and relaying in-
formation. However, the finding in this study of no tha-
lamic volume differences for the group of patients with
psychotic disorder not otherwise specified awaits replica-
tion with a valid bilateral volumetric measurement of this
structure and thus should be interpreted conservatively.

It has been assumed that the generalized brain volume
differences seen in patients with schizophrenia reflect the
influence of factors contributing to disease susceptibility
(34–36). However, the structural brain MRI abnormalities
observed in this subgroup with psychotic disorder not
otherwise specified may be nonspecific since a decrease
in frontal lobe volume and an increase in ventricular vol-
ume has also been reported in a study of children hos-
pitalized with depressive disorders (37). Our failure to
identify the clinical correlates of the structural brain ab-
normalities found in patients with psychotic disorder not
otherwise specified may reflect the small group size, the
underlying complexity of the disorder, methodological
problems involved in neuroimaging, and/or the effects of
typical and atypical neuroleptic medication treatment.

It should be stressed that each patient with psychotic
disorder not otherwise specified included in this study
was referred to NIMH because a clinician believed the
child to have schizophrenia. Although the cases of psy-
chotic disorder not otherwise specified characterized in
this study share some phenotypic features with children
described as having “multiplex developmental disorder”
(7, 8, 38), the symptoms of the latter construct appear to
be closer to the autistic spectrum. Thus, we predict that
children with multiplex developmental disorder would
more closely resemble male subjects with autism in that
both show enlargement of total brain tissue (39).

TABLE 3. Analyses of Variance (ANOVAs) and Repeated
Measures Analyses of Covariance (ANCOVAs) for Regional
Brain Volumes of Pediatric Patients With Childhood-Onset
Schizophrenia (N=44) or Psychotic Disorder Not Otherwise
Specified (N=27) and 106 Healthy Comparison Subjectsa

Region of Brain 
and Analysis

Analysis of Diagnosis
Analysis of Diagnosis 

and Side

F df p F df p

Total cerebral 
volume, ANOVA 4.45 3, 173 0.005b

Ventricles
ANOVA 5.54 3, 169 0.001 2.84 3, 167 0.04c

ANCOVA 7.03 3, 167 0.0002d

Anterior frontal
ANOVA 4.64 3, 169 0.004 1.10 3, 167 0.35
ANCOVA 1.35 3, 167 0.26

Caudate
ANOVA 0.49 3, 166 0.69 2.79 3, 163 0.04e

ANCOVA 4.06 3, 164 0.008
Globus pallidus

ANOVA 11.02 3, 164 0.0001 3.20 3, 162 0.02e

ANCOVA 15.18 3, 162 0.0001
Putamen

ANOVA 4.30 3, 165 0.006 7.30 3, 163 0.0001c

ANCOVA 9.37 3, 163 0.0001
Corpus callosum

ANOVA 0.25 3, 169 0.86
ANCOVA 1.04 3, 167 0.38

Temporal lobes
ANOVA 0.84 3, 169 0.47 0.54 3, 167 0.65
ANCOVA 1.72 3, 167 0.17

Amygdala
ANOVA 0.73 3, 169 0.54 1.48 3, 167 0.22
ANCOVA 1.24 3, 167 0.30

Hippocampus
ANOVA 0.99 3, 169 0.40 1.85 3, 167 0.14
ANCOVA 0.85 3, 167 0.47

Superior 
temporal gyrus
ANOVA 0.07 3, 169 0.97 0.83 3, 167 0.48
ANCOVA 1.89 3, 167 0.13

Midsagittal 
thalamic area
ANOVA 6.27 3, 154 0.0005
ANCOVA 5.05 3, 152 0.002f

a Total cerebral volume and age were used as covariates.
b The volume of the patients with psychotic disorder not otherwise

specified was similar to that of the patients with schizophrenia,
and the volumes of these two groups were less than that of the
comparison group for the patients with psychotic disorder not oth-
erwise specified. The volumes of the two comparison groups were
similar to each other.

c In post hoc tests, the left volume was larger than the right volume
in the patients. In the comparison subjects, these regions were
symmetric.

d The volume of the patients with psychotic disorder not otherwise
specified was similar to that of the patients with schizophrenia,
and the volumes of these two groups were greater than those of
the two comparison groups, which were similar to each other.

e In post hoc tests, the right volume was larger than the left volume
in the patients. In the comparison subjects, these regions were
symmetric.

f The area of the patients with psychotic disorder not otherwise
specified was similar to the areas of the two comparison groups,
and the areas of these three groups were greater than that of the
patients with schizophrenia.
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Finally, the subgroup with psychotic disorder not oth-
erwise specified showed a significant enlargement of the
caudate, globus pallidus, and putamen. Although the en-
largement of these volumes did not show a significant
quantitative relationship to previous neuroleptic expo-
sure in patients with psychotic disorder not otherwise
specified, a consistent pattern of association between ex-
posure to typical neuroleptics and basal ganglia enlarge-
ment has been reported in patients with schizophrenia
(40–42), and we have seen a reduction in basal ganglia
volumes at 2-year follow-up in patients with childhood-
onset schizophrenia when they were switched from treat-
ment with typical to atypical neuroleptics (43). Func-
tional imaging studies suggest that typical neuroleptic
treatment is associated with changes in basal ganglia per-
fusion, and it has been hypothesized that a noticeable
volume change could result from vascular engorgement
resulting from greater perfusion and/or structural adap-
tion to receptor blockade (40, 41).

The anatomic consequences of chronic antipsychotic
exposure in humans is not well established. Glial prolifer-
ation and hypertrophy of the cerebral cortex has been
reported in primates after 6 months of treatment with anti-
psychotic drugs (44). However, longitudinal MRI studies
with parceling of brain regions are needed to assess the ef-
fects of typical and atypical neuroleptics on cortical anom-
alies in patients with schizophrenia. The differences in
weight between patients and healthy comparison subjects
most likely represent an effect of neuroleptic medication.

The study’s limitations should be considered in inter-
preting the results. There was a high variability of brain
structures in both healthy comparison subjects and pa-
tients, making it difficult to detect and isolate small vol-
ume differences (18, 45). Thus, nonsignificant differences
need to be interpreted cautiously.

Another limitation of this study is that the patients and
healthy comparison subjects could not be matched for IQ.
It was difficult to assess the effects of the marked differ-
ences in cognitive ability between the subgroup with psy-
chotic disorder not otherwise specified and the group of
healthy comparison subjects on the relatively modest
changes in morphometric measures since in healthy chil-
dren, IQ is positively correlated with total cerebral volume,
in particular, with the prefrontal cortical gray volume (45).
When the group differences in WISC-R vocabulary scores
and age were taken into account, the finding of a reduc-
tion of total cerebral volume did not remain significant.
However, the current IQ of the subgroup of patients with
psychotic disorder not otherwise specified may not have
been reflective of their true abilities (9), and/or it may not
be an integral manifestation of the disorder.

In summary, children with psychotic disorder not other-
wise specified appear to resemble children with child-
hood-onset schizophrenia more closely in terms of brain
morphology than children with ADHD or other childhood

neuropsychiatric disorders. Prospective clinical follow-up
studies are underway to further validate this continuity.
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